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Statement  of  Problem  Studied 


Loose  spline  couplings  are  used  to  transmit  torque,  for  example 
between  the  power  turbine  shaft  and  the  reduction  gearbox  in  a 
gasturbine  engine.  However,  loose  splines  have  a  destabilizing 
effect  on  the  rotor  systems  in  which  they  are  included.  The 
objective  of  this  work  is  to  identify  the  stiffness  and  damping 
coefficients  of  loose  splines  for  use  in  rotor  stability  analyses  at 
the  design  stage.  The  spline  stiffness  and  damping  coefficients  are 
identified  by  i ncorpor at i ng  the  spline  in  a  flexible  rotor  system 
and  using  experimental  modal  analysis  to  measure  the  V.ul  a  l  on 
r-acter  i  st  i  cs  of  the  rotor  system,  i.e.,  damped  natural 
frequencies,  mode  shapes,  and  modal  damping.  A  computer  program  is 
also  set  up  to  predict  those  same  vibration  characteri st i cs  of  the 
rotor.  Identification  of  the  spline  coefficients  is  then  achieved 
by  adjusting  the  coefficient  values  in  the  computer  program  to 
provide  a  perfect  fit  between  the  predicted  and  the  measured 
vibration  charater i sti cs. 


Summary  of  Most  Important  Results 

Stiffness  and  damping  coefficients  have  been  identified  for  several 
different  spline  geometries  showing  the  effect  of  spline  diameter 
and  length  and  number  of  teeth  on  the  coefficient  values.  Spline 
coefficients  have  also  been  identified  for  several  different 
operating  conditions  such  as  rotor  speed,  torque  transmitted,  rotor 
misalignment  and  level  of  spline  lubrication.  The  coefficients  are 
tabulated  and  shown  in  graphical  form  with  error  bounds  in 
Publication  #3,  referenced  in  this  report.  Publication  #3  will  be 
forwarded  to  the  ARO  in  May,  1991. 

This  project  represents  the  first  attempt  ever  to  identify  loose 
spline  coupling  coefficients  experimentally.  Publication  #3  also 
provides  recommendations  for  adjusting  the  experimental  procedure  to 
improve  the  accuracy  of  the  coefficient  values.  However,  the 
coefficient  values  shown  in  Publication  #3  are  considered  adequate 
for  rough  preliminary  design  studies  of  advanced  turbomachi nery 
rotordynami cs  if  used  with  due  caution. 

Publication  of  these  results  in  a  scientific  journal  is  anticipated 
in  the  near  future.  The  expected  long  term  impacts  of  this  work  are 
(1)  a  wider  use  of  simple,  reliable,  inexpensive  spline  couplings  in 
turbomachi nery  and  <2)  retrofit  of  existing  unstable  machinery  with 
’stable’  splines. 
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